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ADEQ Mission:ADEQ Mission:
To protect public health To protect public health 

and the environmentand the environment

Goal for this process:Goal for this process:
To adopt a more scientificallyTo adopt a more scientifically
sound rule for identification ofsound rule for identification of
impaired waters that isimpaired waters that is
protective of public health andprotective of public health and
the environment.the environment.



What we need to accomplish...What we need to accomplish...

•• Binomial ApproachBinomial Approach
•• Assessment of chronic Aquatic and Wildlife standardsAssessment of chronic Aquatic and Wildlife standards
•• Assessment of Assessment of Escherichia coliEscherichia coli
•• Planning ListPlanning List
•• Miscellaneous correctionsMiscellaneous corrections

Draft rule for reviewDraft rule for review September 2004September 2004
Publish rule for reviewPublish rule for review October 2004October 2004
Meetings to discuss ruleMeetings to discuss rule October 2004October 2004
Publish notice of proposed rulemakingPublish notice of proposed rulemaking November 2004November 2004
Oral ProceedingsOral Proceedings January 2005January 2005
File Notice with GRRCFile Notice with GRRC February 2005February 2005
File Rule with Sec. of StateFile Rule with Sec. of State March 2005March 2005
Begin application of new rule!Begin application of new rule! May 2005May 2005



Meeting TopicsMeeting Topics

Purpose of todayPurpose of today’’s meeting:s meeting:
To address comments regarding the To address comments regarding the binomial approachbinomial approach andand
introduce proposed changes.  Comments to be addressed: introduce proposed changes.  Comments to be addressed: 
•• Minimum sample sizeMinimum sample size
•• Representative samples Representative samples 
•• Statistical confidenceStatistical confidence

Next meetings:Next meetings:
Chronic standards and Chronic standards and E. coliE. coli Week of Aug. 23rdWeek of Aug. 23rd
standards assessmentstandards assessment
Planning List and miscellaneousPlanning List and miscellaneous Week of Sept. 13th Week of Sept. 13th 
Draft ruleDraft rule Week of Sept. 27thWeek of Sept. 27th



AgendaAgenda

•• Assessments 101Assessments 101
Melanie Melanie DirollDiroll

•• Response to Comments:Response to Comments:
Minimum sample size and representative samplesMinimum sample size and representative samples
Melanie Melanie DirollDiroll

•• Response to Comments: Response to Comments: 
Statistical ConfidenceStatistical Confidence
Diana MarshDiana Marsh

•• Proposed Changes:Proposed Changes:
Modified Binomial ApproachModified Binomial Approach
Diana MarshDiana Marsh

•• DiscussionDiscussion
AllAll



Clean Water Act RequirementsClean Water Act Requirements

•• CWA CWA §§305(b) requires assessment of all surface waters 305(b) requires assessment of all surface waters 
every two years using every two years using ““all readily available dataall readily available data””

•• CWA CWA §§303(d) requires list of impaired waters every two 303(d) requires list of impaired waters every two 
yearsyears



EPA OversightEPA Oversight

•• Assessment and list of Assessment and list of 
impaired waters impaired waters 
submitted to EPA Region submitted to EPA Region 
IX as an Integrated IX as an Integrated 
ReportReport

•• EPA has maintained EPA has maintained 
authority to approve or authority to approve or 
disapprove 303(d) list disapprove 303(d) list 
(CFR (CFR §§130.7)130.7)



What is the goal of assessments?What is the goal of assessments?

•• To provide an To provide an overall pictureoverall picture of the stateof the state’’s s 
ambientambient, or in, or in--stream,stream, water quality.water quality.

•• We We are notare not assessing assessing 
–– Effluent water at endEffluent water at end--ofof--pipe pipe 
–– Storm water runStorm water run--off before it reaches streamoff before it reaches stream



Where is the data collected?Where is the data collected?

•• We have about eight ambient monitoring staff to cover We have about eight ambient monitoring staff to cover 
the state.  Focus is on:the state.  Focus is on:
–– Perennial streams and lakesPerennial streams and lakes
–– Broad geographic coverageBroad geographic coverage
–– Impacts from Impacts from nonpointnonpoint source pollutionsource pollution

•• Seek out data from other sources:Seek out data from other sources:
–– Contract with USGS to monitor Contract with USGS to monitor ““nonnon--wadeablewadeable”” streams streams 
–– Permitted facilitiesPermitted facilities’’ inin--stream datastream data
–– Other agencies (USFWS, USFS, NPS)Other agencies (USFWS, USFS, NPS)
–– UniversitiesUniversities
–– Citizen volunteersCitizen volunteers



What are we assessing?What are we assessing?

•• Need to know if surface waters are attaining their Need to know if surface waters are attaining their ““designated uses:designated uses:””
–– Aquatic and WildlifeAquatic and Wildlife
–– Fish ConsumptionFish Consumption
–– Domestic Water SourceDomestic Water Source
–– RecreationRecreation
–– AgricultureAgriculture

•• The units of assessment are The units of assessment are stream reachesstream reaches and and lakeslakes

•• We measure attainment using We measure attainment using numeric numeric andand narrative narrative water quality water quality 
standardsstandards

•• Waterbody can be:Waterbody can be:
–– Attaining Attaining 
–– InconclusiveInconclusive
–– Impaired (includes Not attaining)Impaired (includes Not attaining)



How do we assess?How do we assess?

•• ADEQ has an obligation to ADEQ has an obligation to assess assess ““allall”” waterswaters every two every two 
yearsyears

•• EPA, in conjunction with state work groups, developed a EPA, in conjunction with state work groups, developed a 
Consolidated Assessment and Listing MethodologyConsolidated Assessment and Listing Methodology
(CALM)(CALM)

•• Given a limited number of samples:Given a limited number of samples:
–– What is sufficient evidence to indicate attainment of a des. useWhat is sufficient evidence to indicate attainment of a des. use??
–– What is sufficient evidence to indicate impairment of What is sufficient evidence to indicate impairment of at least oneat least one

des. uses?des. uses?



Attaining AssessmentsAttaining Assessments

•• Set of core parametersSet of core parameters
–– What pollutants we expect to find in ArizonaWhat pollutants we expect to find in Arizona
–– What parameters are indicators of stream healthWhat parameters are indicators of stream health

•• We need at least 3 samples seasonally We need at least 3 samples seasonally 
distributed to call something distributed to call something ““attaining all uses,attaining all uses,””
provided provided no exceedances are foundno exceedances are found



Impaired AssessmentsImpaired Assessments

•• Impairment: Impairment: repeated or persistent violationsrepeated or persistent violations of WQ of WQ 
standards which have a negative impact on standards which have a negative impact on one or more one or more 
designated usesdesignated uses

•• Statute adopted in 2000 required that we establish in Statute adopted in 2000 required that we establish in 
rule:rule:
–– Credible data requirements for listingCredible data requirements for listing
–– Minimum sample size requirements for listingMinimum sample size requirements for listing
–– 303(d) listing and delisting methods 303(d) listing and delisting methods 

•• Impaired Water Identification RuleImpaired Water Identification Rule was adopted in 2002was adopted in 2002



Methods to determine impairmentMethods to determine impairment

•• Statistical method Statistical method -- Binomial ApproachBinomial Approach
–– >10% exceedance rate at given confidence level (90%)>10% exceedance rate at given confidence level (90%)

•• Method for Method for ““acutely toxicacutely toxic”” parametersparameters
–– >1 exceedance in 3 years>1 exceedance in 3 years

•• Method for statisticallyMethod for statistically--based standardsbased standards
–– >1 exceedance after statistical calculation is applied>1 exceedance after statistical calculation is applied



Impairment:Impairment:
What happens next?What happens next?

•• TMDL InvestigationTMDL Investigation
–– Placement on list does not require any changes to occur in the Placement on list does not require any changes to occur in the 

watershedwatershed
–– Simply requires ADEQ to conduct further monitoringSimply requires ADEQ to conduct further monitoring
–– Intensive water quality study Intensive water quality study -- identify and quantify sources identify and quantify sources 
–– Existing permits do not changeExisting permits do not change
–– Waterbody can be Waterbody can be delisteddelisted if no longer impaired or listing was in if no longer impaired or listing was in 

errorerror

•• TMDL Development and ImplementationTMDL Development and Implementation
–– Stakeholder involvement is essentialStakeholder involvement is essential
–– Landowners, Landowners, permitteespermittees, and communities work with ADEQ to , and communities work with ADEQ to 

develop a plan to reduce pollutant loadingsdevelop a plan to reduce pollutant loadings
–– Grant monies are available for Grant monies are available for nonpointnonpoint source pollutionsource pollution



1616

TMDL Implementation

TMDL Development and 
Stakeholder Involvement

TMDL Investigation

303(d) List of Impaired Waters

Data assessment

Ambient Water Quality Monitoring

The The 
ProcessProcess

WATER QUALITY IMPROVEMENT



Stakeholder ConcernsStakeholder Concerns

•• Adherence to credible data requirements in statute:Adherence to credible data requirements in statute:
–– Adequate number of samples Adequate number of samples 
–– Representative samplesRepresentative samples
–– Appropriate QA/QC proceduresAppropriate QA/QC procedures
–– Valid sampling and analytical methodsValid sampling and analytical methods

•• Comments:Comments:
–– How many samples should it take to call a waterbody impaired?How many samples should it take to call a waterbody impaired?
–– How often should samples be collected?How often should samples be collected?
–– Over what length of time?Over what length of time?
–– Over what area?Over what area?



Number of Samples:Number of Samples:
How Many?How Many?

•• Comment:Comment:
Need Need many samplesmany samples to accurately represent an entire to accurately represent an entire 
stream reach or lake and call it impaired.stream reach or lake and call it impaired.

Statistical tests have good power for detecting exceedances if tStatistical tests have good power for detecting exceedances if they hey 
are based on 30 or more samples.  Smaller sample sizes are are based on 30 or more samples.  Smaller sample sizes are 
prone to yield erroneous prone to yield erroneous attainmentattainment decisions because they have decisions because they have 
a a lowlow probability for detecting exceedancesprobability for detecting exceedances……. (CALM). (CALM)

•• This says we need many samples to assess This says we need many samples to assess ““attaining.attaining.””
Does the same logic apply to assessing impairment?Does the same logic apply to assessing impairment?



Number of Samples:Number of Samples:
How Many?How Many?

Assessing HealthAssessing Health vs. Assessing Illnessvs. Assessing Illness

•• How does a doctor show you How does a doctor show you 
areare HEALTHY?HEALTHY?

–– One indicator: One indicator: body body 
temperaturetemperature

–– Go for 3 checkups in 5 yrs., Go for 3 checkups in 5 yrs., do do 
notnot have a feverhave a fever

–– Is this sufficient evidence to Is this sufficient evidence to 
say you say you never had a fever?never had a fever?

–– NONO

•• How do we show a waterbody How do we show a waterbody 
is is HEALTHYHEALTHY??

–– One WQ standard: One WQ standard: lead lead 

–– Go for 3 checkups in 5 yrs.,Go for 3 checkups in 5 yrs., nono
violationsviolations

–– Is this sufficient evidence to Is this sufficient evidence to 
say you say you never had a violation?never had a violation?

–– NONO



Number of Samples:Number of Samples:
How Many?How Many?

Assessing Health vs. Assessing Health vs. Assessing IllnessAssessing Illness

•• How does a doctor show you How does a doctor show you 
are are ILLILL??

–– One indicator: One indicator: body temp.body temp.

–– Go for 3 checkups in 5 yrs. Go for 3 checkups in 5 yrs. 
and you and you do have a fever do have a fever each each 
time time 

–– Is this sufficient evidence to Is this sufficient evidence to 
say you say you were ill?were ill?

–– YESYES

•• How do we show WQ How do we show WQ 
violations violations ARE ARE occurring?occurring?

–– One WQ standard: One WQ standard: leadlead

–– Visit 3 times, find Visit 3 times, find 3 violations3 violations

–– Is this sufficient evidence to Is this sufficient evidence to 
say you have a say you have a WQ problem?WQ problem?

–– YESYES



Number of Samples:Number of Samples:
How Many?How Many?

Assessing Health vs. Assessing IllnessAssessing Health vs. Assessing Illness

What the CALM Guidance MeansWhat the CALM Guidance Means

•• Small sample sizes Small sample sizes havehave low probability low probability of detecting of detecting 
exceedancesexceedances……
–– If you take only 3 samples, you may have missed a problemIf you take only 3 samples, you may have missed a problem

•• If you have 3 bad visits, chances are good those werenIf you have 3 bad visits, chances are good those weren’’t the only 3 t the only 3 
timestimes
–– Chances of finding a problem in 3 out of 3 RANDOM visits is VERYChances of finding a problem in 3 out of 3 RANDOM visits is VERY

SMALLSMALL

•• CALM is CALM is notnot saying if you find a problem 3, 5, 10 times, saying if you find a problem 3, 5, 10 times, 
that you must wait until 30 visits have taken place that you must wait until 30 visits have taken place 
before assessing impairment.before assessing impairment.



Attaining?Attaining?

Impaired?Impaired?



Number of Samples:Number of Samples:
How often?How often?

How can we assess How can we assess 
anything as attaining anything as attaining 
without constant without constant 
sampling?sampling?

ADEQ Ambient Monitoring ADEQ Ambient Monitoring 
vs.vs.

Monitoring belowMonitoring below
a dischargea discharge



Number of Samples:Number of Samples:
How often?How often?

•• CALM Guidance recommends an assessment of impaired CALM Guidance recommends an assessment of impaired 
based on based on 10% exceedance rate, no minimum sample 10% exceedance rate, no minimum sample 
size.size.

•• EPA TSD for Toxics Control recommends minimum of EPA TSD for Toxics Control recommends minimum of 4 4 
to 6 daily grab samples per monthto 6 daily grab samples per month..

•• Consider context of guidanceConsider context of guidance
–– TSD TSD ““provides guidance for provides guidance for assessing and regulating the assessing and regulating the 

discharge of toxic substances discharge of toxic substances to the waters of the U.S.to the waters of the U.S.””



Number of Samples:Number of Samples:
How often?How often?

Routine MonitoringRoutine Monitoring vs. Monitoring below a Dischargevs. Monitoring below a Discharge

•• Assessing health when Assessing health when risk risk 
factorsfactors are minimalare minimal

–– A healthy person with A healthy person with minimal minimal 
risk factors risk factors 

–– Good checkGood check--upup every few every few 
years years 

–– Can we be reasonably assured Can we be reasonably assured 
youyou’’re healthy? re healthy? YESYES

•• Assessing water quality when Assessing water quality when 
risk factors are minimalrisk factors are minimal

–– ADEQ ADEQ routine monitoringroutine monitoring

–– Visit a stream 3 times during Visit a stream 3 times during 
multiple seasons, multiple seasons, no no 
exceedancesexceedances

–– Can we be reasonably assured Can we be reasonably assured 
it is healthy?  it is healthy?  YESYES



Number of Samples:Number of Samples:
How often?How often?

Routine Monitoring vs. Routine Monitoring vs. Monitoring below a DischargeMonitoring below a Discharge

•• Assessing health when Assessing health when risk risk 
factors are presentfactors are present

–– What if youWhat if you’’re over 65 and re over 65 and 
have a family history of heart have a family history of heart 
problems?problems?

–– Should you go in for a checkShould you go in for a check--
up up every few yearsevery few years??

–– NO,NO, frequent visits and frequent visits and more more 
tests are warrantedtests are warranted

•• Assessing water quality when Assessing water quality when 
risk factors are presentrisk factors are present

–– Monitoring below a dischargeMonitoring below a discharge

–– Visit 3 times?Visit 3 times?

–– NO,NO, frequent visits and frequent visits and more more 
tests are warrantedtests are warranted



Number of Samples:Number of Samples:
How often?How often?

•• Frequent monitoring is necessary in these areas to show Frequent monitoring is necessary in these areas to show 
that violations are that violations are NOT OCCURRINGNOT OCCURRING

•• It does not take so many samples to show that violations It does not take so many samples to show that violations 
ARE OCCURRING.ARE OCCURRING.



Number of Sample Sites:Number of Sample Sites:
How Many?How Many?

•• Comment:Comment:
The minimum sample size of 20 is needed to represent The minimum sample size of 20 is needed to represent 
the entire stream reach or lake.  the entire stream reach or lake.  

•• Comment:Comment:
Consider different minimum sample sizes based on size Consider different minimum sample sizes based on size 
of reach or lake.of reach or lake.

•• Both valid points, but...Both valid points, but...
ADEQ must determine whether ANY PORTION of the ADEQ must determine whether ANY PORTION of the 
waterbody is impaired.waterbody is impaired.



Representative SamplesRepresentative Samples

Concerns about locationConcerns about location
Concerns about timingConcerns about timing



Representative Samples:Representative Samples:
Location ConcernsLocation Concerns

•• Comment:Comment:
What if samples were taken in a What if samples were taken in a ““bad spot?bad spot?””
–– Simple answer is that standards apply to the entire waterbodySimple answer is that standards apply to the entire waterbody

•• But there are exceptions:But there are exceptions:
Where you have stream conditions that would naturally not meet Where you have stream conditions that would naturally not meet 
standards, and no potential pollution source is present. standards, and no potential pollution source is present. 
–– Dissolved oxygen violations in stagnant poolsDissolved oxygen violations in stagnant pools
–– Dissolved oxygen violations at a ground water upwellingDissolved oxygen violations at a ground water upwelling

•• Comment was made that rule must therefore require a high number Comment was made that rule must therefore require a high number 
of samples for listings (20)?of samples for listings (20)?
–– Does this really address the problem?Does this really address the problem?
–– Not really.  If we get five D.O. violations, further sampling upNot really.  If we get five D.O. violations, further sampling up to 20 to 20 

does not change the assessmentdoes not change the assessment



Representative Samples:Representative Samples:
Location ConcernsLocation Concerns

•• These errors are managed by:These errors are managed by:
–– Step 1: Check sample plans Step 1: Check sample plans -- sites must be representative.sites must be representative.
–– Step 2: WeightStep 2: Weight--ofof--evidence evidence -- check individual D.O. violations check individual D.O. violations --

flow, DB comments, check for possible sources, talk to samplers.flow, DB comments, check for possible sources, talk to samplers.
–– Step 3: Release draft 303(d) List Step 3: Release draft 303(d) List -- opportunity to review and opportunity to review and 

submit documentation that samples or sample sites are not submit documentation that samples or sample sites are not 
““representative.representative.””

•• If the waterbody still makes it on the list: If the waterbody still makes it on the list: 
A delisting can be made during TMDL investigation.  A delisting can be made during TMDL investigation.  
Sometimes it takes further study to determine whether  Sometimes it takes further study to determine whether  
the impairment is naturallythe impairment is naturally--caused.caused.



Representative Samples:Representative Samples:
Timing ConcernsTiming Concerns

•• Comment:Comment:
What if the samples were taken at a What if the samples were taken at a ““bad time?bad time?””
–– Again, simple answer is standards apply at all timesAgain, simple answer is standards apply at all times

•• But what about temporary or oneBut what about temporary or one--time exceedances of time exceedances of 
standards?standards?
–– Spills that have been Spills that have been remediatedremediated
–– Actions have been taken that have improved water quality since Actions have been taken that have improved water quality since 

samples were collectedsamples were collected



Representative Samples:Representative Samples:
Timing ConcernsTiming Concerns

•• Current IWIR provides Current IWIR provides ““outs:outs:””
–– A listing will not be made if the surface water is expected to aA listing will not be made if the surface water is expected to attain its ttain its 

designated use by the next assessment designated use by the next assessment (R18(R18--1111--604(D)(2)(h)).604(D)(2)(h)).

–– The weightThe weight--ofof--evidence approach evidence approach –– newer measurements are weighted newer measurements are weighted 
heavier than olderheavier than older (R18(R18--1111--605605--(B)(1)(c)).(B)(1)(c)).

•• If the waterbody still makes it onto the 303(d) list, the rule tIf the waterbody still makes it onto the 303(d) list, the rule then hen 
provides for delisting when the data used for listing is provides for delisting when the data used for listing is superseded superseded 
by more recent databy more recent data showing standards are attained showing standards are attained (R18(R18--1111--
605(E)(2)(a)(ii)).605(E)(2)(a)(ii)).

•• We want to make listings only when problem is recurring or We want to make listings only when problem is recurring or 
persistentpersistent



Determination of ImpairmentDetermination of Impairment

In summary,In summary,
It is It is ADEQADEQ’’ss responsibility to:responsibility to:

•• Determine whether Determine whether ANY PORTIONANY PORTION of a reach or lake is of a reach or lake is 
impaired, andimpaired, and

•• Determine whether it is impaired Determine whether it is impaired AT ANY TIMEAT ANY TIME (provided (provided 
the problem is persistent or recurring).the problem is persistent or recurring).



Determination of ImpairmentDetermination of Impairment

•• If at one siteIf at one site on a 10 mile stream reach, we find on a 10 mile stream reach, we find 
repeated WQ violations...repeated WQ violations...
–– Does this constitute impairment? Does this constitute impairment? Yes.Yes.
–– The TMDL study will The TMDL study will confirm the sourceconfirm the source and delineate the and delineate the extent extent 

of the impairment.of the impairment.

•• If a stream reach is attaining its uses during most of the If a stream reach is attaining its uses during most of the 
year, but repeatedly violates standards year, but repeatedly violates standards during times of during times of 
heavy recreational use...heavy recreational use...
–– Does this constitute impairment?  Does this constitute impairment?  Yes.Yes.
–– TMDL study and implementation plan will address these TMDL study and implementation plan will address these critical critical 

conditions. conditions. 



How Determine Impairment?How Determine Impairment?

Binomial Binomial ––
StatisticallyStatistically--based based 
assessmentassessment

Conventional parameters Conventional parameters 
(DO, pH), human health (DO, pH), human health 
standards, agricultural standards, agricultural 
standards)standards)

All OthersAll Others

> 1 exceed in > 1 exceed in 
assessment period (5 assessment period (5 
years)years)

Bacterial geometric Bacterial geometric 
mean, nutrient annual mean, nutrient annual 
mean, etcmean, etc

StatisticallyStatistically--based based 
StandardStandard

> 1 exceed in last 3> 1 exceed in last 3--
years of monitoringyears of monitoring

Aquatic and Wildlife Aquatic and Wildlife 
acute standards, acute standards, 
bacteria, nitratebacteria, nitrate

Acutely ToxicAcutely Toxic

Assessment MethodAssessment MethodParameters and UsesParameters and Uses



Binomial ApproachBinomial Approach

•• EPA assessment guidance EPA assessment guidance ---- impaired if >10% of impaired if >10% of 
samples exceed standards.samples exceed standards.
–– 1 of 10 samples is 10% 1 of 10 samples is 10% -- not impairednot impaired
–– 2 of 10 samples is >10% 2 of 10 samples is >10% -- impairedimpaired

•• The binomial The binomial 
–– Use the statistics of a binomial distribution curve to determineUse the statistics of a binomial distribution curve to determine

the number of samples and exceedances at an acceptable the number of samples and exceedances at an acceptable 
confidence level.confidence level.

–– By establishing a confidence level, we correct for potential By establishing a confidence level, we correct for potential 
sampling error. sampling error. 

–– For example, at a 95% confidence level, >10% exceedances For example, at a 95% confidence level, >10% exceedances 
becomes 3 of 10 samples becomes 3 of 10 samples -- impairedimpaired



Binomial ApproachBinomial Approach

•• Existing BinomialExisting Binomial
–– 20 samples and 5 exceedances minimum20 samples and 5 exceedances minimum

•• Concerns:Concerns:
–– Is ArizonaIs Arizona’’s binomial sufficiently protective?s binomial sufficiently protective?

Why are we not listing on 5 of 5 exceedances?Why are we not listing on 5 of 5 exceedances?
Should the 20 sample minimum be reduced?Should the 20 sample minimum be reduced?

–– Is it statistically sound?Is it statistically sound?
What is the statistical basis of the minimums?What is the statistical basis of the minimums?

–– What are other states and regions doing?What are other states and regions doing?
How does our binomial compare?How does our binomial compare?



Show us the StatisticsShow us the Statistics

•• Our binomial was modeled after the binomial developed Our binomial was modeled after the binomial developed 
by Floridaby Florida’’s Dept of Environmental Protection.s Dept of Environmental Protection.

•• Florida State University (FSU) Dept of Statistics Florida State University (FSU) Dept of Statistics 
provided the statistical basis for listing and delisting provided the statistical basis for listing and delisting 
criteria.  Their reportcriteria.  Their report’’s conclusions were:  s conclusions were:  
–– for 95% confidence that >10% exceedance has occurred:for 95% confidence that >10% exceedance has occurred:

a.a. The minimum number of samples is 10.The minimum number of samples is 10.
b.b. The minimum number exceedances is 3.The minimum number exceedances is 3.



Minimum Sample SizeMinimum Sample Size

•• ADEQ can justify using 10 instead of 20 samples ADEQ can justify using 10 instead of 20 samples 
now because:now because:

–– Data must meet credible data requirements.Data must meet credible data requirements.
–– IWIR has a provision to not list if exceedances IWIR has a provision to not list if exceedances 

represent temporary conditions, such as a spillrepresent temporary conditions, such as a spill
–– Other provisions in IWIR, statute, and surface water Other provisions in IWIR, statute, and surface water 

standards  allow ADEQ to not list if impairment due to standards  allow ADEQ to not list if impairment due to 
natural conditions, other actions will result in natural conditions, other actions will result in 
standards being met, etc. standards being met, etc. 



Minimum Sample SizeMinimum Sample Size

222233222222223355Minimum Minimum 
ExceedExceed

2212121010221010771010121255Minimum Minimum 
SamplesSamples

WYWY
(s)(s)

VAVA
(s)(s)

TXTX
(b)(b)

SCSC
(s)(s)

NCNC
(s)(s)

NMNM
(s)(s)

NHNH
(b)(b)

KSKS
(b)(b)

ALAL
(s)(s)

StatesStates

Minimum Sample Sizes and Exceedances for Listings by Other StateMinimum Sample Sizes and Exceedances for Listings by Other States s 
When Using a Binomial (b) or Straight >10% (s)When Using a Binomial (b) or Straight >10% (s)



Confidence LevelConfidence Level

•• ADEQ proposes to raise the confidence level ADEQ proposes to raise the confidence level 
from 90% confidence to 95% confidence.from 90% confidence to 95% confidence.
–– This would conform to the confidence level recommended in the This would conform to the confidence level recommended in the 

FSU report and statistically increase the reliability of FSU report and statistically increase the reliability of 
assessments.assessments.

–– The change would require more samples exceed standards The change would require more samples exceed standards 
before a listing is made.before a listing is made.

–– This change would also increase minimum sample size to This change would also increase minimum sample size to 
support delistings (once impaired).support delistings (once impaired).



Binomial TablesBinomial Tables

•• Five tables:Five tables:
–– Table 1 Table 1 –– Existing impaired water binomial table (from IWIR)Existing impaired water binomial table (from IWIR)

–– Table 2 Table 2 –– Revised impaired water binomial tableRevised impaired water binomial table

–– Table 3 Table 3 ---- Binomial basis for determining use Binomial basis for determining use attainmentattainment

–– Table 4 Table 4 –– Combines Table 2 and 3, to indicate when Combines Table 2 and 3, to indicate when 
““inconclusiveinconclusive””

–– Table 5 Table 5 –– Binomial basis for determining Binomial basis for determining delistingdelisting –– after a after a 
surface water is listed as impaired.surface water is listed as impaired.



Binomial TablesBinomial Tables
•• Tables 2 Tables 2 –– Revised binomial table for determining Revised binomial table for determining impaired impaired 

waters.waters.

•• Created using the CRITBINOM function in ExcelCreated using the CRITBINOM function in Excel
–– CRITBINOM (samples, 0.105, 0.95), CRITBINOM (samples, 0.105, 0.95), 
–– Calculation provides the minimum number of exceedances for a Calculation provides the minimum number of exceedances for a 

given sample size, when 95% confidence that >10% exceedance is given sample size, when 95% confidence that >10% exceedance is 
occurring.occurring.

•• Table 2 differs from existing binomial (Table 1):Table 2 differs from existing binomial (Table 1):
–– 95% instead of 90% confidence level95% instead of 90% confidence level
–– Calculated using 10.5% for >10% rather than adding an Calculated using 10.5% for >10% rather than adding an 

exceedance to the value calculated at 10%exceedance to the value calculated at 10%
–– Used a minimum of 10 samples rather than 20 samples.Used a minimum of 10 samples rather than 20 samples.



Binomial TablesBinomial Tables
•• Comparing the old and new binomial:Comparing the old and new binomial:

–– Below about 100 samples, it takes slightly fewer exceedances Below about 100 samples, it takes slightly fewer exceedances 
/ samples to make a listing./ samples to make a listing.

Example, if 26 samples:Example, if 26 samples:
a.  Old binomial a.  Old binomial –– 6 or more exceed = impaired6 or more exceed = impaired
b.  Proposed binomial b.  Proposed binomial –– 5 or more exceed = impaired5 or more exceed = impaired
c.c. At a straight percentage, 5 of 26 samples = 19%At a straight percentage, 5 of 26 samples = 19%

–– Above about 100 samples, it takes slightly more exceedances / Above about 100 samples, it takes slightly more exceedances / 
samples to make a listing. samples to make a listing. 
Example, if 140 samples:Example, if 140 samples:

a.a. Old binomial Old binomial –– 20 or more exceed = impaired20 or more exceed = impaired
b.b. Proposed binomial Proposed binomial –– 21 or more exceed = impaired21 or more exceed = impaired
c.c. At a straight percentage, 21 of 140 samples = 14%At a straight percentage, 21 of 140 samples = 14%



Listing with Less Than 10 SamplesListing with Less Than 10 Samples

•• Once 3 exceedances, why delay listing until 10 Once 3 exceedances, why delay listing until 10 
samples have been collected?  samples have been collected?  
–– Provide more information about sources, extent of Provide more information about sources, extent of 

contamination, critical conditions, etc.contamination, critical conditions, etc.

•• Once 3 exceedances, benefits of listing before Once 3 exceedances, benefits of listing before 
10 samples:10 samples:
–– It may be many months or years before further It may be many months or years before further 

monitoring is scheduled because 40% of the monitoring is scheduled because 40% of the 
monitoring data comes from other agencies.monitoring data comes from other agencies.

–– Identifying sources, extent of contamination, and Identifying sources, extent of contamination, and 
critical conditions is part of doing the TMDL.critical conditions is part of doing the TMDL.



Listing With Less Than 10 SamplesListing With Less Than 10 Samples
How can we avoid unnecessary listings?How can we avoid unnecessary listings?
•• Binomial corrects for sampling error.Binomial corrects for sampling error.
•• WeightWeight--ofof--evidence in the IWI Rule (604.B), the TMDL evidence in the IWI Rule (604.B), the TMDL 

statute, and surface water standards provide ways to statute, and surface water standards provide ways to 
avoid listing errors.  Surface waters will avoid listing errors.  Surface waters will notnot be listed if:be listed if:

a.a. Anthropogenic activities are not a source,Anthropogenic activities are not a source,
b.b. Actions have been taken in the watershed so that uses will Actions have been taken in the watershed so that uses will 

be attaining by the next assessment,be attaining by the next assessment,
c.c. Newer data or more reliable data exists,Newer data or more reliable data exists,
d.d. More direct measurements of designated use impacts More direct measurements of designated use impacts 

exiexist.st.
•• Extensive review process.Extensive review process.
•• The regulated community can provide monitoring data The regulated community can provide monitoring data 

from surface waters receiving discharges.from surface waters receiving discharges.



Less than 10 SamplesLess than 10 Samples

2222332222222222334455Minimum Minimum 
ExceedExceed

Note that minimum sample size is reduced in 5 states when minimuNote that minimum sample size is reduced in 5 states when minimum m 
exceedances have occurred (numbers in paranthesis apply).exceedances have occurred (numbers in paranthesis apply).
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10102255101077
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55Minimum Minimum 
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Other StatesOther States
Minimum Sample Size and Exceedances for ListingsMinimum Sample Size and Exceedances for Listings



Listing With Less than 10 SamplesListing With Less than 10 Samples

•• The probability of there being >10% exceedance rate, The probability of there being >10% exceedance rate, 
when you have 3 exceedances in 3when you have 3 exceedances in 3--9 samples is 9 samples is 
between 99 between 99 –– 100% probability!!!100% probability!!!

(using the BINOMDIST function in Excel)(using the BINOMDIST function in Excel)

This suggests that ADEQ should make a listing with 3 This suggests that ADEQ should make a listing with 3 
exceedances and fewer than 10 samples, unless there exceedances and fewer than 10 samples, unless there 
is substantial evidence that a listing would be in error.is substantial evidence that a listing would be in error.



Revised Binomial ApproachRevised Binomial Approach

Recommendation:Recommendation:

Minimum sample size is 10, unless sufficient exceedances Minimum sample size is 10, unless sufficient exceedances 
have already occurred (3 or more). have already occurred (3 or more). 

–– Exceedances during at least 3 monitoring events.Exceedances during at least 3 monitoring events.
–– Use Table 2 if 10 or more samples.Use Table 2 if 10 or more samples.

Listings would occur when 95% confidence that more than Listings would occur when 95% confidence that more than 
10% of the samples are exceeding standards 10% of the samples are exceeding standards andand 3 or 3 or 
more monitoring events had exceedances.more monitoring events had exceedances.



Binomial for Attaining UsesBinomial for Attaining Uses
Determining attainment:Determining attainment:

•• 0 exceedances in at least 3 monitoring events 0 exceedances in at least 3 monitoring events 
(seasonal distribution, core parameters, etc.) or(seasonal distribution, core parameters, etc.) or

•• If any exceedances:  If any exceedances:  

–– For past assessment, fewer exceedances than required to be For past assessment, fewer exceedances than required to be 
placed on the planning list (in the IWIR).placed on the planning list (in the IWIR).

Based on 80% confidence that >10% exceedances were Based on 80% confidence that >10% exceedances were 
occurring.occurring.

–– Proposing using a binomial based on attaining at:Proposing using a binomial based on attaining at:
Based on 85% confidence that 10% of fewer exceedances are Based on 85% confidence that 10% of fewer exceedances are 

occurring.occurring.



Binomial for Attaining UsesBinomial for Attaining Uses

Determining attainment:Determining attainment:

–– Increase confidence level from 80% to 85%, to Increase confidence level from 80% to 85%, to 
provide more accurate assessments.provide more accurate assessments.

–– Calculated using CRITBINOM (sample size, 0.10, Calculated using CRITBINOM (sample size, 0.10, 
0.85) which returns the maximum number of 0.85) which returns the maximum number of 
exceedances for a sample size, at a 10% exceedances for a sample size, at a 10% 
exceedance rate with an 85% confidence level.exceedance rate with an 85% confidence level.



Binomial for Attaining UsesBinomial for Attaining Uses

•• Using Table 3Using Table 3

–– If 3 exceedances, attaining if 14 or more samples.If 3 exceedances, attaining if 14 or more samples.

–– If 23 samples, attaining if only 4 or fewer exceed.If 23 samples, attaining if only 4 or fewer exceed.



Binomial for Attaining UsesBinomial for Attaining Uses

•• Table 4 combines Table 2 and 3Table 4 combines Table 2 and 3

–– A use can be assessed as impaired, attaining, or A use can be assessed as impaired, attaining, or 
inconclusive.inconclusive.

–– Inconclusive if insufficient samples to determine if Inconclusive if insufficient samples to determine if 
impaired or attaining.impaired or attaining.

–– Table 5 Table 5 –– combines table 2 and 3combines table 2 and 3
–– Example:  If 20 samplesExample:  If 20 samples

5 or more exceed = impaired5 or more exceed = impaired
3 or fewer exceed = attaining3 or fewer exceed = attaining
4 exceed = inconclusive4 exceed = inconclusive



Binomial for DelistingBinomial for Delisting

Table 5 Table 5 –– Delisting Delisting afterafter listed as impaired. listed as impaired. 

•• The TMDL statute requires that the criteria for removing The TMDL statute requires that the criteria for removing 
a water from the 303(d) List (delisting) cannot be more a water from the 303(d) List (delisting) cannot be more 
stringent than the listing criteria.stringent than the listing criteria.

•• In the past ADEQ delisted if sufficient samples to assess In the past ADEQ delisted if sufficient samples to assess 
as as ““attaining.attaining.””
–– If enough samples to show that it did not need to be on the If enough samples to show that it did not need to be on the 

Planning List (IWIR)Planning List (IWIR)
–– However, according to the FSU report, delisting an impaired However, according to the FSU report, delisting an impaired 

water requires a reverse hypothesis to listing a water, and a water requires a reverse hypothesis to listing a water, and a 
much larger number of samples.  much larger number of samples.  



Binomial for Delisting

Table 5 Table 5 –– DelistDelist afterafter listed as impaired.listed as impaired.

•• Reversing the hypothesis, but using the same criteria:Reversing the hypothesis, but using the same criteria:
–– To list, assumes that the water is attaining and listing requireTo list, assumes that the water is attaining and listing requires s 

the minimum number of samples to show it is impaired:the minimum number of samples to show it is impaired:
•• 95% confidence level, >10% samples are exceeding standards.95% confidence level, >10% samples are exceeding standards.

–– To To delistdelist, assumes that the water is impaired and delisting , assumes that the water is impaired and delisting 
requires the minimum number of samples to show it is attaining:requires the minimum number of samples to show it is attaining:
•• 95% confidence level, < or = 10%95% confidence level, < or = 10%
•• This would require a minimum of 27 samples with 0 exceedance. This would require a minimum of 27 samples with 0 exceedance. 

•• If 0 exceed in 10 samples, using the reverse hypothesis, If 0 exceed in 10 samples, using the reverse hypothesis, 
the confidence level drops to 65% the confidence level drops to 65% ---- this is not this is not 
statistically valid! statistically valid! 



Binomial for Delisting

•• ADEQ would support delisting based on Table 3 ADEQ would support delisting based on Table 3 
instead of Table 5 where:instead of Table 5 where:

–– Documented actions have been taken in the watershed (e.g., Documented actions have been taken in the watershed (e.g., 
source removal action, best management practice source removal action, best management practice 
implementation),implementation),

–– At least 10 samples during the critical conditions, as defined iAt least 10 samples during the critical conditions, as defined in n 
the TMDL, and the TMDL, and 

–– Attaining uses based on Table 3 (attaining before listing).Attaining uses based on Table 3 (attaining before listing).

ADEQ is recommending this alternative to further encourage that ADEQ is recommending this alternative to further encourage that 
remediation actions are remediation actions are implementedimplemented in the watershed.in the watershed.



Binomial Summary

•• Use a 10 instead of 20 sample minimum for listing.Use a 10 instead of 20 sample minimum for listing.
•• Minimum sample size is 10 unless sufficient samples Minimum sample size is 10 unless sufficient samples 

exceed standardsexceed standards
–– Minimum of 3 sampling events with exceedances.Minimum of 3 sampling events with exceedances.

•• Raise confidence level from 90% to 95% in the Raise confidence level from 90% to 95% in the 
binomial to determine an impaired use.binomial to determine an impaired use.

•• Raise confidence level from 80% to 85% in the Raise confidence level from 80% to 85% in the 
binomial to determine attaining use.binomial to determine attaining use.

•• Delisting based on same criteria but reverse Delisting based on same criteria but reverse 
hypothesis:hypothesis:

–– Minimum of 27 samples with 0 exceedancesMinimum of 27 samples with 0 exceedances
–– Or can apply attaining binomial to support delisting if Or can apply attaining binomial to support delisting if 

documented improvements in the watershed. documented improvements in the watershed. 




